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INTRODUCTION
Otitis media with effusion (OME) is the most common
cause of hearing loss in children and requires antibiotic and
surgical management. It can lead to adverse effects on speech
and language development in children due to hearing distur-
bances if maintained for a long period of time (1). The exact
mechanism of the pathogenesis of OME is not clearly under-
stood. However, bacterial infection, Eustachian tube dysfunc-
tion, allergy and immunologic factors are known as major
causes. Sinusitis and adenoid hypertrophy are also known to
be involved (2). Since 1958 when Senturia et al. (3) reported
the detection of bacteria in middle ear effusion, Haemophilus
influenzae, Streptococcus pneumoniae, Moraxella catarrhalis have
commonly been identified in numerous studies. This has re-
sulted in regarding bacterial infection as an important factor
in the pathogenesis of OME. The introduction of polymerase
chain reactions (PCR) has resulted in a highly increased sen-
sitivity and specificity of bacterial detection in middle ear
effusion (4-9). Furthermore, studies based on the importance
of bacterial infection in the pathogenesis of OME have become
much more convenient. 
In this study, the rate of bacterial infection using PCR was
determined in middle ear effusion. The difference in the rate
of bacterial detection in effusion was compared, followed by
whether or not there was a history of acute otitis media and
other factors involved in the pathogenesis of OME. Finally,
the influence of bacterial infection in the development of
OME was examined. 
MATERIALS AND METHODS
This study is based on 278 ears of 178 patients who visit-
ed the Department of Otolaryngology of the Hanyang Uni-
versity Hospital with otitis media with effusion from Novem-
ber 2000 to October 2002. These patients had undergone
unsuccessful medical treatment, thereby maintaining the
disorder for over 3 months. The age distribution was from 1
to 11 yr old and the average age was 5.1 yr old (Fig. 1).
The external auditory canal was cleansed with 70% alcohol
for 1 min and a myringotomy was conducted. Middle ear
fluid was then extracted using a Juhn tymp-tap (Xomed Treace
Products, Jacksonville, FL, U.S.A.). A portion of the extract-
ed middle ear fluid was inoculated for ordinary bacterial cul-
ture and the remaining was stored in -70℃ for PCR. For the
ordinary bacterial culture, chocolate agar media was used for
the Hemophilus influenzae culture, sheep’s blood agar media
and chocolate media for the Streptococcus pneumoniae culture
and blood agar media and chocolate media for the Moraxella
catarrhalis culture.
The genomic DNA was extracted by mixing 50  L of the
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Detection Rates of Bacteria in Chronic Otitis Media with Effusion in
Children
This study was performed to investigate polymerase chain reaction-based detec-
tion of bacterial DNA in middle ear fluid and assess the correlation between the
PCR-positive rate with several factors associated with middle ear effusion. The
purpose was to gain a further understanding of bacterial infection as a major cause
of otitis media with effusion. Of the 278 specimens of middle ear fluid, 39 (14%)
tested positive by ordinary culture. The overall detection rate of bacterial DNA using
the PCR method was 36.7% for middle ear effusion, and bacterial DNA detection
rates of Hemophilus influenzae, Streptococcus pneumoniae, Moraxella catarrhalis
in the middle ear effusion were 29.1%, 4.7% and 10.8%, respectively. The bacteri-
al DNA detection rate was higher in ears with a history of acute otitis media than
those without the history. High detection rates were observed in patients younger
than 48 months who have had a higher tendency to present with acute otitis media.
We concluded that PCR is a more sensitive method for the detection of bacteria in
middle ear effusion than ordinary culture, and acute otitis media is a major contrib-
utor to the pathogenesis of otitis media with effusion.
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stored middle ear effusion with 900  L cell lysis solution,
followed by a 10 min centrifugation at 15,000 rpm at room
temperature. DNA was extracted using the WIZARD Geno-
mic DNA purification kit (Promega, Madison, WI, U.S.A.).
For the purpose of PCR, P6 protein was used as a primer
for Hemophilus influenzae, PBP 2B for Streptococcus pneumoniae
and M46 clone for Moraxella catarrhalis (Table 1) (4). 35 cycles
of denaturation at 95℃, annealing at 55℃ and extension
at 70℃ was carried out using a DNA thermal cycler. Elec-
trophoresis was used for 30 min in 2% agarose gel for the
detection of amplified product. Specimens of this study with
consistent PCR results were used as positive controls and dis-
tilled water for a negative control.
Medical records of the subjects were examined for age, his-
tory of acute otitis media, history of ventilation tube inser-
tion due to OME, characteristics of middle ear effusion, accom-
paniment of sinusitis and adenoid hypertrophy, etc. The PCR-
positive rate was compared. History of acute otitis media
was compared and categorized into two groups: a group of
ears which have had acute otitis media within 6 months or
have a history of experiencing acute otitis media more than
4 times a year, and a group of ears with no history of acute
otitis media. 
The difference in the detection rate was analyzed using the
chi-square method (SPSS version 10.0) and the statistically
significant rate was set at 95% and above (p<0.05).
RESULTS
Bacteria were detected in 39 (14%) of 278 ears using ordi-
nary bacterial culture. Hemophilus influenzae was detected in
22 cases (7.9%), Streptococcus pneumoniae in 4 cases (1.4%) and
Moraxella catarrhalis was not detected at all. Other bacteria
such as Staphylococcus aureus or Streptococcus pyogens were detect-
ed in 13 cases (4.7%). Using the PCR method, bacterial DNA
was detected in 102 out of 278 cases (36.7%). Each detected
bacteria was classified as follows: Hemophilus influenzae in 81
cases (29.1%), Streptococcus pneumoniae in 13 cases (4.7%) and
Moraxella catarrhalis in 30 cases (10.8%) (Table 2) (Fig. 2).
Classifying the cases into two groups based on age, the posi-
tive rate of the group under 48 months (46.2% of 104 cases)
was significantly higher than the positive rate of those over
48 months (31% of 174, p=0.013). When dividing the cases
based on a previous history of acute otitis media, the positive
rate of those with the history (44.5% of 110 cases) was signif-
Haemophilus influenzae
5 : ACT TTT GGC GGT TAC TCT AT
3 : TGT GCC TAA TTT ACC AGD AT
Streptococcus pneumoniae
5 : GAT CCT CTA AAT GAT TCT CAG GTG G
3 : ACT ATA GAA GAA AGG GAA GTT TCC A
Moraxella catarrhalis
5 : TTG GCT TGT GCT AAA ATA TC
3 : GTC ATC GCT ATC ATT CAC CT
Table 1. Primers used in polymerase chain reaction to detect
major pathogenic bacteria in otitis media with effusion
′
′
′
′
′
′
No (%) of PCR 
positve specimens
No (%) of culture 
positive specimens
Bacteria
Hemophilus influenzae 22 (7.9) 81 (29.1)
Streptococcus pneumoniae 4 (1.4) 13 (4.7)
Moraxella catarrhalis 0 (0) 30 (10.8)
Others 13 (4.7) -
Total 39/278 (14.0) 102/278 (36.7)
Table 2. The results of ordinary culture and polymerase chain
reaction to detect major pathogenic bacterias in otitis media
with effusion
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Fig. 1. Distribution of age of the subjected patients.
Fig. 2. Detection of bacterial DNA fragments by polymerase chain
reaction.
Hemophilus influenzae
273 bp
+ control
Streptococcus pneumoniae
Moraxella catarrhalis
122 bp
140 bp
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icantly higher than those without the history (31.5% of 168
cases, p=0.031).
There was no significant difference between the positive
rates of ears with a history of ventilation tube insertion and
in ears diagnosed with OME for the first time. The detection
rate based on the characteristics of middle ear effusion did
not show a significant difference. The groups with accom-
panied sinusitis or adenoid hypertrophy did not show a sig-
nificant difference from the groups without them (Table 3).
DISCUSSION
OME is a common disorder in children where effusion is
contained in the middle ear cavity. Bacterial infection has
been known as an important factor in the pathogenesis of
OME since Senturia et al. (3) reported the detection of bac-
teria in middle ear effusion in 1958. Since then, Hemophilus
influenzae, Streptococcus pneumoniae, and Moraxella catarrhalis
have been reported as the most common bacterial pathogens
in numerous studies (10-12). However, the detection rate of
these three bacteria in ordinary bacterial culture has been
reported as follows: 8-20%, 4-10% and 2-8%, respectively
(4). Three possible causes for these low positive rates are 1)
the prolonged use of antibiotics before ventilation tube inser-
tion will slow down the proliferation of pathogenic bacteria,
2) secretory immunoglobulin and lysozyme in middle ear
effusion inhibits the proliferation of pathogenic bacteria, or
3) the bacteria in middle ear effusion exists as a biofilm (1,
13-15). However, high detection rates of 77.3% to 94.5%
in middle ear effusion using PCR have been reported with a
slight difference depending on the researcher in cases where
bacteria were not cultured at all (14, 15). Choi et al. (12) and
Park et al. (4) also reported a detection rate of 61.5% and
57.7%, respectively, in Korea in 1998 and 2000. In this
study, bacteria was detected in only 14% of the cases using
ordinary bacterial culture while bacterial DNA was detect-
ed in 36.7% using PCR. This bacterial detection rate is low
compared to previous studies and this is presumed to be the
result of a prolonged use of antibiotics before surgery and a
lower contributing weight of bacterial infection than other
factors in the pathogenesis of OME compared to the past. 
There is still considerable controversy on whether or not
the bacterial DNA detected by PCR implies the existence
of metabolically active bacteria. However, in a study using a
chinchilla model based on purified genomic DNA or pasteur-
ized bacteria, it has been confirmed that neither were detect-
ed in middle ear effusion after 3 days while they were detect-
ed for over 21 days in cases where antibiotics were used for
treatment (14). The mRNA of the GAPDH enzyme essen-
tial for bacterial DNA duplication or protein synthesis of
metabolically active bacteria was detected by reverse tran-
scriptase-polymerase chain reaction and proved that bacteria
with mRNA had metabolic activity (1). However, whether
or not the detected bacterial DNA implies acute infection
of the middle ear has not yet been fully studied. The fact that
the detection rate was high in ears with a history of acute oti-
tis media implies that the remaining bacteria due to an insuf-
ficient use of antibiotics may be the cause of OME and that
bacterial infection plays an important role in the progression
of acute otitis media to OME. This is an important factor
that must be considered while treating OME in children.
The fact that the detection rate was significantly higher
in patients in the 48-month and younger age group, coupled
with the fact that the frequency of acute otitis media is also
higher in this age group, implies that bacterial infection is
an important cause of OME. 
Suzuki et al. (16), reported that the size of the adenoid and
OME do not have any correlation, however, chronic infection
of the adenoid acts as a reservoir of Hemophilus influenzae which
is a major cause of OME. Furthermore, the possibility exists
that Eustachian tube dysfunction is caused by adenoid hyper-
trophy. Mills et al. (17) reported that accompanied sinusitis
plays an important role in the progression of OME by Eusta-
Associated factors
H. influenzae S. pneumoniae M. catarrhalis
Total
Bacteria
Age <48 months 41 (39.4) 7 (6.7) 12 (11.5) 48/104 (46.2)*
≥48 months 40 (22.9) 6 (3.4) 18 (10.3) 54/174 (31.0)
Previous AOM history + 41 (37.3) 4 (3.6) 12 (10.9) 49/110 (44.5)
�
- 40 (23.8) 9 (5.4) 18 (10.7) 53/168 (31.5)
Primary OME 70 (30.1) 13 (5.8) 23 (10.2) 86/226 (38.1)
Recurrent OME 11 (21.2) 0 (0) 7 (13.5) 16/52 (30.8)
Characteristics of middle ear fluid Mucoid 64 (29.5) 13 (6.0) 23 (10.6) 80/217 (36.9)
Serous 8 (17.0) 0 (0) 5 (10.6) 13/47 (27.7)
Coexistence of sinusitis + 50 (30.9) 9 (5.6) 16 (9.9) 63/162 (38.9)
- 31 (26.7) 4 (3.4) 14 (12.1) 9/116 (33.6)
Coexistence of adenoid hypertrophy + 51 (31.5) 6 (3.7) 11 (6.8) 60/162 (37.0)
- 30 (25.8) 7 (6.0) 9 (16.4) 39/116 (36.2)
Table 3. The comparison of polymerase chain reaction positive rate according to the factors associated with otitis media with effusion
PCR, polymerase chain reaction; AOM, acute otitis media; OME, otitis media with effusion; *p=0.013, 
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chian tube dysfunction due to Eustachian tube salphingitis
rather than direct bacterial dissemination. Therefore, obvi-
ously a simple comparison of bacterial-positive rates cannot
definitively conclude a correlation of direct bacterial dissemi-
nation into the middle ear cavity by adenoid hypertrophy
and sinusitis and OME. Qvarnberg et al. (11) stated that the
bacteria-positive rate was higher in middle ear effusions with
purulent fluid, however, there was no significant difference
between those with mucoid and serous fluid. In this study,
we presume that since the serous fluid specimens were much
fewer than the mucoid fluid specimens, there were no statis-
tically significant results and further study will be necessary.
Allergy, known to be an important pathogenesis of OME, was
excluded from this study and we believe that further research
on this subject will be necessary.
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